Introduction Encephalitis due to Cryptococcus neoformans has been seen almost exclusively in patients with severe compromise of their immune systems, such as acquired immune deficiency syndrome (AIDS). Fungal sinusitis with frank invasion through the cranial base and subsequent seeding of the central nervous system is rare, but should be considered in the differential of patients presenting with meningitis and sinus/skull base lesions even without obvious immune compromise. Improvements in diagnostic testing has increased the ability to correctly identify and new antimicrobials have allowed a condition that once carried a high morbidity and mortality to be managed with better outcomes. We present our treatment algorithm for successful management of an immunocompetent patient with extensive fungal encephalitis due to erosion through the skull base. Case Description The patient is a 59-year-old male presenting unresponsive with sphenoid mass erosive of the skull base and symptoms of meningitis and encephalitis due to C. neoformans. Magnetic resonance imaging (MRI) at presentation demonstrated extensive diencephalic invasion, and a sphenoid mass with erosion of the skull base. Lumbar puncture (LP) confirmed elevated opening pressure of 45 cm H2O, and cultures confirmed infection with C. neoformans. He underwent operative sinonasal debridement followed by placement of an external ventricular drain for management of hydrocephalus. He was treated aggressively with a combination of both intravenous (IV) amphotericin B daily and intrathecal amphotericin B via the ventriculostomy thrice weekly. By the 2nd week of treatment, patient regained consciousness. After 4 weeks of therapy, cerebrospinal fluid (CSF) cultures turned negative, and the external ventricular drain (EVD) was converted to a ventriculoperitoneal shunt (VPS) to manage chronic postinfectious hydrocephalus. We also placed a contralateral Ommaya reservoir to permit continued weekly intrathecal amphotericin B without violation of the shunt valve. With each instillation, the shunt was set to its highest setting to minimize CSF egress for 6 hours then reset to its "drainage" setting. After an additional 6 weeks of outpatient therapy, intrathecal therapy was discontinued. We continued CSF surveillance via Ommaya sampling monthly. At 9-month follow-up, he has remained clinically stable without evidence of recurrent infection. He has residual mild cognitive deficits, but is living semiindependently with his brother.
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Introduction
Intracranial complications of peripheral infections are becoming more common and can be associated with infections of the frontal, ethmoid and sphenoid sinuses. Maxillary sinus infection is rarely seen extending into the central nervous system, although there has been reports of odontogenic maxillary sinus infections spreading into the central nervous system (CNS).
1 Meningitis being the most common complication of all, symptomatology includes the triad of intense headache, fever, and focal neurological deficit. A study performed by Younis et al evaluated 82 patients that presented with sinusitis with complications in a 15-year span, they noted that intracranial complications corresponded to 47% (39 patients) of which 29 presented with meningitis. Cryptococcal meningitis was the common etiologic agent seen in AIDS (acquired immune deficiency syndrome) patients, whereas Streptococcus pneumoniae was the most common microorganism in patients without AIDS. 2 Other complications include brain abscess, subdural empyema, cavernous sinus thrombosis, epidural abscess, osteomyelitis, and pituitary abscess has also been reported as an extremely rare finding. 3 A multidisciplinary approach is preferred for treating these patients.
Case Description
Here, we describe a case of a 59-year-old male with a history of sarcoidosis. He presented to a referring emergency department with signs and symptoms of meningitis and altered mental status and was transferred to our institution. His chief complaint was headache with neck stiffness and photophobia as well as blurry vision. His sarcoidosis had been diagnosed by medistinoscopy 4 years prior after longstanding shortness of breath. Biopsy of enlarged hilar lymph nodes (►Fig. 1) was positive for noncaseating granulomas and he had remained symptomatically controlled with low dose oral prednisone. He had never smoked or used illicit drugs. His exam was normal except a lack of transillumination of the sinuses as well as mucosal erythema. Computed tomography (CT) was initially interpreted as a skull base mass suspicious for mucocele; however, closer inspection demonstrated a left sided dehiscence of the skull base. There was opacification of the middle and posterior left ethmoid air cells, posterior right ethmoid air cells, and bilateral sphenoid sinuses, as well as the left frontal sinus, as well as bone erosion involving the medial wall of the left orbit and the roof of the ethmoid air cells and planum sphenoidale (►Fig. 2). Magnetic resonance imaging (MRI) with and without contrast revealed cystlike expansion of numerous perivascular spaces throughout bilateral caudate nuclei and lentiform nuclei. A few enlarged cystic spaces are also present in bilateral thalami and midbrain, as well as diffuse leptomeningeal enhancement (►Fig. 3). Given his presentation, he was started on empiric antibiotics including voriconazle and an lumbar puncture (LP) was performed which had an elevated opening pressure of 45 cm H 2 O and demonstrated monocytic and lympocytic pleocytosis with 130 white blood cells (WBC), slightly elevated protein at 47 with normal glucose of 42. The initial differential included cryptococcus, histoplasma, cocidioides, blastomycosis, or candida. He was taken to the operating room (OR) on hospital day 2 for endoscopic endonasal exploration and debridement of fungal sinusitis with left maxillary antrostomy, total ethmoidectomy and sphenoidotomy with removal of right (R) and left (L) sphenoethmoidal contents. Intraoperatively, there was hemorrhagic fleshy white mass without obvious necrosis or "black turbinates." Frozen section demonstrated fungal organisms in mucosal tissue. The material was removed from the sinuses and there was no evidence of cerebrospinal fluid (CSF) leak upon Valsalva's maneuver.
Subsequent testing for HIV (human immunodeficiency virus) was negative. Infectious disease consultation was requested and he was started empiric liposomal amphotericin B with 5-flucytosine. Cryptococcal antigen titer from the CSF was positive at > 1:2,560, the upper limit of measurement. Culture from CSF and from intraoperative samples of sinus material isolated and confirmed Cryptococcus neoformans (►Fig. 4).
Conclusions Fungal sinusitis is uncommon, especially in those without significantly compromised immune systems. Invasive fungal meningitis resulting in meningitis and encephalitis is even rarer. The condition carries high morbidity and mortality that can only be mitigated with a multidisciplinary effort by neurosurgery, otolaryngology, and infectious disease specialists. While there are no clear treatment guidelines, we present an approach that may permit longer term independent survival. 
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Subsequent LPs demonstrated persistently elevated opening pressures, and the patient had decline in alertness necessitated placement of external ventricular drain on hospital day 7 with improvement in his neurologic exam. Given the severity of the CNS disease, he was started on intrathecal amphotericin thrice weekly via the external ventricular drain (EVD). Serial CSF analyses showed improvement in cryptococcal antigen titer and resolution of pleocytosis. Cultures remained positive postoperative days one and two, then remained sterile thereafter. He tolerated clamping of the EVD and it was removed; however, the developed symptoms of progressive decrease in alertness and lumbar puncture demonstrated elevated ICP thus a ventriculoperitoneal shunt (VPS) was placed with subsequent improvement. He was transferred to rehab facility for aggressive mobilization while continuing to receive a planned 6-week course of antifungals. The flucytosine had to be stopped due to thrombocytopenia, thus infectious disease felt it prudent to increase CNS concentration of amphotericin with intrathecal administration once again. To facilitate this without risking infection and loss of the VP shunt, an Ommaya reservoir was placed contralateral to the shunt. In a somewhat inventive fashion, after instillation of the amphotericin into the reservoir, the shunt valve was then set the highest setting to decrease drainage for several hours before being set back to allow enough drainage he did not develop symptoms of hydrocephalus.
Discussion
Acute invasive fungal sinusitis is most commonly seen in immunocompromised patients including solid organ transplant, uncontrolled diabetes, neutropenic patients from bone marrow suppression or aplasia, and advanced AIDS. Reports associating patients receiving small molecular kinase inhibitors, such as ibrutinib, for treating hematological malignancies that developed cryptococcal meningoencephalitis has recently been described in the literature. 4, 5 Other groups at risk for opportunistic infections are the organ transplant recipients with the incidence for cryptococcosis ranging from 0.3 to 5%.
6
Regarding meningeal invasion, only a few cases describing cryptococcal sinusitis associated with organ recipient patients have been reported so far in the literature with only one linked to renal transplant.
7
Clinical presentation of fungal sinusitis is variable; however, most commonly characterized by fever, facial pain, nasal congestion, and epistaxis. Fungal meningitis presents with fever, rigor, neck pain, headache, photophobia, followed by progressive obnulation and coma.
Most common pathogens include Aspergillus in neutropenic patients and the Zygomycetes, such as Mucor, in diabetic patients. The most common pathogen isolated in CSF of immunocompetent patients that presented with sinusitis are Streptococcus pneumoniae, followed by Staphylococcus aureus, Citrobacter sp., and Neisseria meningitides. Risk factors are associated with the development of intracranial complications besides sinus infection included frontal sinus fracture and periorbital cellulitis. Radiologic findings include sinus opacification with hypoattenuating mucosal thickening and does not have the hyperdense heterogeneity typical of noninvasive fungal mycetoma or allergic fungal sinusitis. Bony destruction and fat stranding may be present. Attention must be paid to orbital and intracranial invasion. In a review, pathologically confirmed IFS CT findings with patients with acute myelocytic leukemia and CT evidence of sinusitis, no reliable diagnostic radiologic finding was specific to IFS, although the authors conclude that severe unilateral thickening of the nasal cavity mucosa was the most consistent finding. 8 Although bony erosion was not seen in the majority of this case series, bone erosion, extrasinus involvement, and intracranial spread are still cited as suggestive imaging findings.
9,10
Middlebrooks et al presented an effective diagnostic imaging model for acute invasive rhinosinusitis, in which by using a seven-variable model to assess the lesion (periantral fat, bone dehiscence, orbital invasion, septal ulceration, pterygopalatine fossa, nasolacrimal duct, and lacrimal sac), they established a 100% specificity and 100% positive predictive value for invasive rhinosinusitis when two or more of this variables were present.
11 Regarding imaging modalities, Groppo et al concluded that both MRI and CT have similar specificities (83 and 81%, respectively) but sensitivity favored MRI with 86% compared with 69% obtained with CT.
12
The mainstay of treatment of invasive fungal sinusitis is urgent aggressive medical and surgical management with correction of underlying immunocompromise. A multidisciplinary approach for treating these patients is fundamental in achieving a satisfactory outcome. CSF analysis and cultures are the pilar for diagnosis and focusing treatment to a specific pathogen. Initial management with empirical broad-spectrum antibiotics is used prior culture results; piperacillin/tazobactam and meropenem are the most commonly preferred, other combinations include vancomycin, mtronidazole, and cephotaxime. Once the culture results are available specific antibiotics are selected and target dose are optimized for penetrating the blood-brain barrier.
13,14
Surgical options include endonasal approach for surgical debridment in the early stages of the disease, whereas open surgery is reserved for intraorbital extension, palatinal, and/ or intracerebral involvement. 15 Mortality remains high, 50 to 80%, especially in patients with complications.
Conclusions
Fungal sinusitis is uncommon, especially in those without significantly compromised immune systems. Invasive fungal meningitis resulting in meningitis and encephalitis is even more rare. The condition carries high morbidity and mortality that can only be mitigated with a multidisciplinary effort by neurosurgery, otolaryngology, and infectious disease specialists. While there are no clear treatment guidelines, we present an approach that may permit longer term independent survival.
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